In a review article on the biogeochemistry of aluminium and some other elements of Groups IlIa and IIlb of the Periodic Table, Hutchinson (1943) has pointed out that in many of its properties (gallous and gallic salts, complex cyanides) gallium shows a greater resemblance to iron than to aluminium. He concluded that it might playa part in metabolism similar to iron, but on a restricted scale. Gallium deficiencies are only likely to occur rarely, since few silicate rocks or soils contain less than 5 p.p.m. of the element.
Specific spectrophotometric methods for the determination of gallium in silicates and other minerals have been developed recently (Onishi & Sandell, 1955; . These procedures have sensitivities sufficiently high to allow the estimation of less than 0'1 p.p.m. of gallium using samples weighing less than 5 g. Using a modification of these methods, a study has been made of the distribution of the element in several marine organisms, derived mainly from the Irish Sea and the shores of the Isle of Man. In several of the samples the concentrations of iron, copper and aluminium have also been determined for comparison.
METHODS

Determination of gallium in marine organisms and shells Reagents
(I) 7'5 N nitric acid.
(2) Perchloric acid, 60 % (wfw).
(3) Titanous chloride solution, 15 % (wfv).
(4) Di-iso-propyl ether. Freshly distilled from sodium hydroxide.
(5) Hydrochloric acid (6'5 N) containing I % titanous chloride. Concentrated hydrochloric acid (s.G. I'I6, 325 m1.) was mixed with 33 m1. of 15 % titanous chloride solution and diluted to 500 m1.
(6) Rhodamine B solution. A solution was prepared containing 0'5 g of Rhodamine B in IOOm1. of water. The solution was filtered before use.
(7) Carbon tetrachloride-chlorobenzene solvent. Carbon tetrachloride (I25 m1.) was diluted to 500 m1. with chlorobenzene.
(8) Standard gallium solution (5 fLgfm1.)was prepared by dissolving 0'0438 g of caesium gallium sulphate in water and diluting to 11.
Solution of samples of shells (carbonates)
The weighed sample (5-IO g) was placed in a 250 m1. conical flask and 50 m1. of 7'5 N nitric acid was gradually added. Mter effervescence had ceased, the flask was heated gently on a hot-plate for 30 min, and the nitric acid was then evaporated. The residue was twice evaporated to dryness with 5-IO m1. of hydrochloric acid, to remove the nitrate, and dissolved in 50 m1. of 6'5 N hydrochloric acid containing I % of titanous chloride.
Solution of samples of marine organisms
The weighed sample (up to 5 g, dried at IIOo C) was placed in a 250 m1. conical flask, and 25 m1. of 7'5 N nitric acid was added. The flask was closed with a small funnel and its contents were allowed to digest in the cold until all foaming had OCCURRENCE OF GALLIUM IN MARINE ORGANISMS 609 ceased. The nitric acid was then removed by cautious evaporation on the hot plate. Repeated evaporations with 15 ml. portions of concentrated nitric acid were then carried out until all carbonaceous material was removed. The white or pale yellow residue was treated with 2 ml. of 60 % (wJw) perchloric acid and fumed to dryness. It was fumed to dryness again after addition of 2 ml. of concentrated sulphuric acid, and dissolved in 50 ml. of 6'5 N hydrochloric acid containing I % of titanous chloride.
Extraction of gallium
The solution of the sample was transferred to a 250 ml. separating funnel, and, if it was not violet in colour, an excess of 15 % titanous chloride was added. Two extractions with 30 ml. portions of di-iso-propyl ether were carried out and the combined extracts were evaporated in a beaker on the water bath.
Photometric determination of gallium
The residue in the beaker was dissolved by warming to 70-800 with 5 ml. of 6'5 N hydrochloric acid containing I % titanous chloride. The cold solution was transferred to a 50 ml. separating funnel containing 8 ml. of chlorobenzene-carbon tetrachloride solvent. The beaker was rinsed with a further I ml. of 6,5 N hydrochloric acid and the washings added to the funnel. Rhodamine B solution (0'5 ml.) was added and the separating funnel was shaken mechanically for 10 min. After the two phases had separated, the organic phase was run through a plug of glass wool into a 10 ml.
calibrated flask containing I ml. of ethyl alcohol. The aqueous phase was washed with a further 1 ml. of the solvent and the washings added to the calibrated flask, which was then filled to the mark with the solvent. The optical density of the solution was measured at 562 mfL in a I cm cell. The reagent blank was determined in the same manner but omitting the sample. The method was calibrated using I, 2, 4, 6, 8 and 10 fLg of gallium. It was found that 5 fLg of gallium gave an optical density of 0'565 at 562 mfL in a 1 cm cell. Recoveries of gallium added to biological samples averaged 98%.
Determination of sulphated ash, iron, aluminium and copper
The dried (1100 C) sample (I g) was weighed into a 25 ml. platinum crucible and allowed to stand for a few hours with ca. 5 ml. of concentrated nitric acid and 2 ml. of perchloric acid. The crucible was then carefully heated on a water bath until the nitric acid had evaporated. The evaporation with concentrated nitric acid was repeated until all organic matter had been destroyed. The perchloric acid was then fumed off under an infra-red heater, 2 ml. of concentrated sulphuric acid was added and the heating was continued until no further fumes were evolved. The contents of the crucible were treated with 2 g of powdered ammonium carbonate and heated at 4500 C. in a muffle furnace for 30 min. The crucible was allowed to cool in the desiccator and weighed.
The sulphated ash was treated with 2 ml. of concentrated hydrochloric acid and 15 ml. of water and heated on the water bath; the resultant solution was filtered into a 250 ml. graduated flask. The residue (if any) in the crucible was washed well with hot water and the washings added to the graduated flask. The solution was diluted to volume and used for the spectrophotometric estimation of iron and aluminium as described by Riley (1958) , and for copper as described by Riley and Sinhaseni (1958) .
OBSERVATIONS
The composition of marine organisms
Gallium, aluminium, iron and copper have been determined in a number of marine plants and animals which were obtained mainly from the Irish Sea off Port Erin and Port St Mary. Unless otherwise stated the analyses were carried out on the whole organism, which had been washed thoroughly with distilled water and dried at lIOo C. In addition, the distribution of gallium and copper in certain organs of Buccinum undatum L., Chlamys opercularis (L.), Porania pulvillus (Miill.) and Pecten maximus (L.) has been studied. Specimens of Pecten maximus were analysed directly after removal from their habitat and also after being allowed to purge themselves in clean sea water for 7 days. The results of the analyses are shown in Tables 1-6. 
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The range of gallium concentrations found for the various whole organisms was 0'01-0'96 p.p.m., which is in good agreement with the data for nine marine 20"4 4"r 3"3 5'9 <o"or <o"or 0"or4 <o"or <o"or <o'or <o'or -33'4 25"7 80"4 29"2 26"9 2"5 r3"7 28·8 <0'2 <0'3 0'28 <0'2 <0'05 <0'25 <0"3 Female gonads Ctenidium Heart ro"o 2"r rO'9 5"4 ----30'0 27'7 50'3 87'0 <o'r 0'28 <0"2 <0"2 <o'r U·O 2"3 2'2 Female Striped Gut+di-Gills gonad gonad muscle gestive gland Mantle 25"0 3'0 rO'2 r2"7 10'9 9'4 0'r4 0"034 <o"or <o'or o·ou o'or 6'3 u'3 26'6 7"5 70'9 rO'2 0'56 r'r <o'r <o"r r"o <o'r Irish Sea and English Channel; Monaghan, Simons & Taggert (1953) have detected similar amounts in the Atlantic Ocean and in the waters of the Gulf of Mexico. These amounts are approximately two orders of magnitude less than earlier work had indicated (cf. Richards, 1957) . Assuming an aluminium content of 10 p.,gjl. and a gallium content of 0'025 p.,gjl. (Burton, Culkin & Riley, 1958) , the Ga:AI ratio in sea water is 25 x 10-4• The average Ga:AI ratio in the lithosphere is ca. 2 x 10-4, which shows that sea water is enriched approximately tenfold in gallium relative to aluminium compared with the lithosphere.
The average value of the Ga: AI ratio for the marine organisms examined in this paper was 2-3 x 10-4, which is very similar to the average ratio for the lithosphere (ca. 2 x 10-4). Since the majority of the specimens examined were either bottom-living or from shallow water it seems very probable that most of their aluminium and gallium was derived from the bottom muds rather than from the sea water itself. The actual range found for the Ga: Al ratio is small (1-7 x 10-4). This suggests that there is no significant biological separation of gallium from aluminium in the specimens examined, if allowance is made for variations in the Ga and AI contents of the muds in the various localities in which they lived. The iron content of the organisms is generally similar to their aluminium content, but the Ga: Fe ratio shows rather greater variations than the Ga: Al ratio. The variation in the iron concentration is probably related to its role as an essential trace element in biological systems.
There is apparently no relationship between species and their contents of gallium, iron, aluminium or copper. The low concentrations of these elements found in the calcareous shells of molluscs suggests that the mechanism by which the calcium of sea water is converted into calcium carbonate is quite selective for calcium. The gallium contents of the shells are similar to those of carbonate rocks (Culkin & Riley, unpublished) . All four elements are concentrated in the digestive glands and viscera of the molluscs, but it seems probable that the gallium, aluminium and iron contents of these organisms are associated with ingested detritus. This is confirmed by the low concentrations of these elements present in the gut and digestive glands of Pecten maximus specimens, which had been allowed to purge themselves in filtered sea water for 7 days. The copper contents of the purged and unpurged specimens were similar, and it is probable that the copper in them is mainly adsorbed on to the mucous surfaces.
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SUMMARY
A spectrophotometric method has been developed for the determination of submicrogram amounts of gallium in biological materials. Using this procedure a study has been made of the occurrence of gallium in a number of marine plants and animals (dried at 110°C). Data are also presented for the concentrations of iron, aluminium and copper in the same samples.
The gallium content of the samples ranged from ca. 0'01 to 0'96 p.p.m. The Ga:AI ratio varied from 1-7 x 10-4 (average 2-3 x 10-4), which compares well with the average Ga: Al ratio of the lithosphere, and contrasts with the ratio of 25 x 10-4 for sea water. It seems likely that the organisms examined derived their gallium, aluminium and iron from the bottom muds rather than from the sea water. There is no evidence of selective uptake of gallium in preference to aluminium. Iron and aluminium were generally present in roughly equal amounts.
The distribution of gallium in the various organs of Pecten maximus, Buccinum undatum, Chlamys opercularis and Porania pulvillus, has been investigated. Most of the tissues of these molluscs contain less than 0'07 p.p.m. of gallium, but the viscera and digestive organs contain higher concentrations, presumably contained in ingested inorganic material. The average gallium content of carbonate shells is 0'02 p.p.m.
